Background. Randomized trials demonstrate equivalent locoregional control with sentinel lymph node biopsy (SLNB) or axillary lymph node dissection (ALND) for T1-2 micrometastatic breast cancer, but include few mastectomy patients. Consensus is lacking on indications for post-mastectomy radiotherapy (PMRT) in this population. Herein, we evaluate locoregional recurrence (LRR) in an unselected, modern cohort of T1-2 breast cancer patients with micrometastases or isolated tumor cells (ITCs; N0i?/ N1mi) having a mastectomy. Methods. We identified patients with T1-2N0i?/N1mi breast cancer treated with mastectomy from January 2006 to December 2011. Recurrent, bilateral, and neoadjuvant cases were excluded. The primary outcome of interest was LRR. Results. Overall, 352 patients [211 (60%) with ITCs and 141 (40%) with micrometastases] were identified. 162 (46%) patients had SLNB alone and one node was positive in 295 (84%) cases; 31 (9%) patients had PMRT and 95% had systemic therapy. At a median 6 years of follow-up, the overall crude LRR rate was 2.8% (n = 9), with no axillary recurrences, and the crude LRR rate was 3.9% among those who had SNB alone. Those with LRR had a median age of 55 years, median tumor size of 1.7 cm, and ductal histology; the majority were high-grade (89%) and estrogen receptor positive (78%), with one positive node (89%). There was no association between LRR and receipt of PMRT (p = 0.4), SLNB versus ALND (p = 0.2), or number of positive nodes (p = 0.7) using the log-rank test. Conclusions. LRR was infrequent among T1-2N0i?/ N1mi patients treated with mastectomy without PMRT, with no axillary failures, suggesting that PMRT or nodal radiotherapy are not routinely indicated in this population.
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Management of the axilla in clinically node-negative patients has evolved over the last decade with the widespread adoption of sentinel lymph node biopsy (SLNB). The ability to perform a more detailed pathologic examination of a small number of sentinel nodes led to the emergence of the entities of isolated tumor cells (ITCs) [size B 0.2 mm] and micrometastases (size [ 0.2 mm and B2 mm), found in 10-15% of patients who undergo SLNB. [1] [2] [3] The impact of micrometastases on the need for axillary lymph node dissection (ALND) and post-mastectomy radiotherapy (PMRT) is uncertain. Randomized trials demonstrated equivalent locoregional control when comparing SLNB alone with ALND in patients with micrometastases, but included small numbers of patients treated with mastectomy, and varying adjuvant treatments. [4] [5] [6] Current guidelines 7 recommend consideration of PMRT for patients with metastases in one to three axillary nodes based on trials demonstrating benefit in patients with nodal macrometastases. The impact of micrometastases or ITCs on locoregional recurrence (LRR), and hence whether they should be included in node counts when determining the need for PMRT, is not well-studied. The risk of LRR in patients with micrometastases in combination with other features that have been associated with an increased risk of LRR [8] [9] [10] [11] such as age \40 years, high nuclear grade, medial/central tumor location, multifocality/multicentricity, triple-negative (TN) receptor status, and lymphovascular invasion (LVI) is particularly unclear. Given the lack of consensus on the utility of further axillary treatment with surgery or radiotherapy in patients with early-stage breast cancer and minimal nodal disease burden treated with mastectomy, we sought to evaluate patterns of treatment and rates of LRR in an unselected, contemporary cohort of patients with T1-T2 tumors undergoing mastectomy and found to have ITCs or micrometastases (T1-T2N0i?/N1mi), but no macrometastases in the axillary nodes.
METHODS
Following Institutional Review Board approval, all women diagnosed with T1-T2N0i?/N1mi breast cancer who had a mastectomy at Memorial Sloan Kettering Cancer Center between January 2006 and December 2011 were identified. Micrometastases were defined as the presence of metastatic lymph node deposits measuring between 0.2 and 2 mm in dimension, while ITCs were defined as deposits measuring B0.2 mm, 12 seen in one or more lymph nodes on hematoxylin and eosin (H&E) or immunohistochemical evaluation. 'High-risk' features were defined as age less than 40 years at diagnosis, multifocal or multicentric tumor, TN receptor status, presence of LVI, medial/central tumor location, and high nuclear grade. Patients with recurrent disease and bilateral tumors, as well as those who received neoadjuvant chemotherapy, were excluded from this study.
Standard clinicopathologic data were collected, including age at diagnosis, clinical presentation of disease, tumor size, nuclear grade, subtype, and final tumor and node pathologic findings. Rates of administration of radiotherapy and systemic therapies, as well as regimens utilized, were assessed. The primary outcome of interest was LRR, defined as a biopsy-proven recurrence of disease in the ipsilateral chest wall or ipsilateral regional lymph nodes, including the axillary, internal mammary, or supraclavicular lymph nodes. Development of disease at any other site was considered a distant recurrence.
Continuous variables were compared using the Wilcoxon test, and categorical variables were compared using the v 2 or Fisher's exact tests. Crude overall rates of LRR were calculated. Kaplan-Meier methods and the log-rank test were used to analyze associations between clinicopathologic variables and LRR. All statistical analysis was performed using SAS 9.2 (SAS Institute, Cary, NC, USA) and R version 3.1.1 (https://www.r-project.org/). A p value \0.05 was considered statistically significant.
RESULTS
From January 2006 to December 2011, 352 women with T1-T2N0i?/N1mi breast cancer underwent mastectomy. Of these patients, 211 (60%) had ITCs and 141 (40%) had micrometastases. A single lymph node was positive in 295 (84%) patients, while 57 (16%) patients had two to five positive nodes but no macrometastases. SLNB alone was performed in 162 (46%) patients, and 190 (54%) patients had ALND. The proportion of patients undergoing SLNB alone increased from 46% in 2006 to 60% in 2011 (p = 0.5). Overall, 321 (92%) patients were treated without PMRT during the 6-year study period, and the remainder of the analysis is confined to this group. Clinicopathologic characteristics of all patients, as well as a comparison of those treated with and without PMRT, are summarized in Table 1 . Among 321 patients treated without PMRT, the majority of tumors were of ductal histology (79%), intermediate or high grade (83%), located in a lateral position in the breast (68%), and estrogen receptor positive (ER?) (82%). No high-risk features were seen in 35 (11%) patients, and one, two, three, and four or more high-risk features were seen in 65 (20%), 87 (27%), 72 (22%), and 18 (6%) patients, respectively, while 44 (14%) patients were excluded from risk factor categorization due to unknown nuclear grade or receptor status. A single lymph node was positive in 272 (85%) patients. SLNB alone was performed in 151 (47%) patients, and 170 (53%) patients had ALND. Among patients with ITCs (n = 196), 118 (60%) had SLNB alone, while 78 (40%) had ALND. Furthermore, among patients with micrometastases (n = 125), 33 (26%) had SLNB alone and 92 (74%) had ALND. A median of 4 (range 1-14) sentinel nodes were removed at SLNB, and a median of 20 (6-48) lymph nodes were removed at ALND. Systemic adjuvant therapy was received by 305 (95%) patients: 198 (62%) received both chemotherapy and endocrine therapy, 43 (13%) received chemotherapy alone, and 64 (20%) received endocrine therapy alone. Fourteen (4%) patients had no systemic therapy, and adjuvant treatment was unknown in two patients. Of the 241 patients who received chemotherapy, 170 (71%) had doxorubicin, cyclophosphamide, and paclitaxel (ACT), and 61 (25%) had cyclophosphamide, methotrexate, and 5-fluorouracil (CMF). Fifty-nine (92%) of 64 patients with human epidermal growth factor receptor 2 overexpressing (HER2?) tumors received trastuzumab. Among 265 ER? patients, 255 (96%) received endocrine therapy.
At median follow-up of 6 years (range 0-114 months), nine (2.8%) patients treated without PMRT had LRR-six isolated LRRs and three simultaneous (diagnosed within 1 month) LRRs and distant recurrences. Ten (3.1%) patients have experienced distant recurrence alone. The location of LRR was the chest wall in eight cases (89%) and internal mammary node in one case (11%). There have been no axillary or supraclavicular recurrences to date. The median time to LRR was 19 months (range 8-45). Clinicopathologic characteristics of the nine patients with LRR are summarized in Table 2 . These patients had a median age of 55 years, median tumor size of 1.7 cm, and the majority had ER? (78%) and high-grade (89%) tumors. A single lymph node contained metastases in eight cases. (13) 2 (6) ER-/HER2? 24 (7) 21 (7) 3 (10) ER-/HER2-31 (9) 28 (9) Only 31 (9%) patients received PMRT during the study period; 13 (42%) had chest wall irradiation alone, and 18 (58%) received chest wall and regional nodal irradiation. All of these patients also received adjuvant systemic therapy. No LRR events occurred among those who received PMRT, and one patient (3.2%) experienced distant recurrence alone.
Although all LRR events occurred in the group treated without PMRT, Kaplan-Meier estimation showed no significant difference in LRR with or without PMRT (log-rank p = 0.4) (Fig. 1) . The crude rates of LRR among patients treated by SLNB alone versus ALND, regardless of radiotherapy, were 3.7 versus 1.6% (log-rank p = 0.2) (Fig. 2) . In those treated without PMRT, the crude rates of LRR after SLNB alone versus ALND were 4.0% and 1.8%, respectively (log-rank p = 0.2) (Fig. 3a) , and 2.9 versus 2.0% (p = 0.7) (Fig. 3b) among those with one versus more than one positive lymph node. Of the 135 patients who underwent SLNB alone, had a single involved node, and did not receive PMRT, 4.4% had LRR.
DISCUSSION
In this unselected, contemporary population with T1-T2N0i?/N1mi breast cancer treated with mastectomy, the rate of LRR at 6 years was 2.8% without PMRT, with no axillary failures to date. The type of axillary surgery (p = 0.2) or number of positive nodes (p = 0.7) did not identify a group at high risk for LRR. While the number of LRR events was too small to permit predictive statistics, there was no observed association between LRR and patient or primary tumor features that have been described as increasing the risk of LRR in other populations. [8] [9] [10] [11] This finding is consistent with our previous work examining predictors of LRR in patients with T1-2 node-negative breast cancer treated without PMRT, where only tumor size was found to be predictive of LRR. 13 This study provides insight into a population that is underrepresented in most clinical trials of micrometastatic disease, which largely focus on patients undergoing lumpectomy and radiotherapy. The International Breast Cancer Study Group (IBCSG) 23-01 trial randomized 934 patients with T1-T2 micrometastatic disease to SLNB alone or ALND, and found 5-year axillary recurrence rates \1%, but only 9% of patients had mastectomy. 4 The AATRM trial similarly randomized 233 patients with tumors \3.5 cm in size and micrometastases to SLNB alone or ALND, with axillary recurrence rates \3% in both arms, but only 8% underwent mastectomy. 5 Non-sentinel node metastases are reported in 10-20% of patients with micrometastases in the sentinel nodes, 2, 4, 14, 15 20-40% of which are macrometastases. 16, 17 In spite of this, axillary recurrence rates are low, even in the absence of the tangent field irradiation that is part of breast-conserving surgery.
The majority of patients in this study (84%) had a single positive lymph node, consistent with previous reports. 4 We found that neither the number of involved lymph nodes (p = 0.7) nor the type of axillary surgery in the absence of PMRT (p = 0.2) was associated with an increasing risk of LRR.
Importantly, there have been no axillary recurrences at a median 6 years of follow-up in this study, even though 46% of patients had SLNB alone and no PMRT. This rate is lower than previously reported rates of 0.3-5% in trials of patients with micrometastases, although the majority of these patients were treated with breast-conserving surgery and received a variety of radiotherapy treatments. [4] [5] [6] 18 The IBCSG 23-01 trial showed axillary failure rates of \ 1% among patients with T1-T2 micrometastatic disease, regardless of randomization to either SLNB alone or ALND. 4 The MIRROR trial reported a 5% rate of axillary failures in patients with micrometastases treated without ALND, but this was reduced with the addition of adjuvant therapies. 6 A meta-analysis including 3468 patients in 27 studies with SLN micrometastases managed without further axillary surgery showed a cumulative axillary recurrence rate of 0.3%. 18 Smaller studies also including patients treated with both mastectomy and breast conservation with varying radiotherapy approaches have also reported axillary recurrence rates of \3% among patients with nodal micrometastases. 1, [19] [20] [21] [22] To our knowledge, our study is the first validation of these favorable results in a large contemporary cohort of patients with T1-T2N0i?/ N1mi disease treated with mastectomy and without PMRT. The use of PMRT in this population is controversial. Current guidelines 7 recommend strong consideration of PMRT to the chest wall and regional lymph nodes for patients who undergo mastectomy with one to three positive nodes, but whether micrometastases contribute to the positive node count is uncertain. 23 In our study, we found no difference in LRR with or without PMRT by KaplanMeier estimation (p = 0.4). More importantly, the vast majority of patients did not receive PMRT, and rates of LRR in this group were \5%, far lower than the rates of LRR in the no radiotherapy arms of the clinical trials, which suggested a benefit for PMRT in patients with one to three nodal metastases. 7, 24 The 10-year results of the MA.20 and European Organisation for Research and Treatment of Cancer (EORTC) trials showed decreased LRR and improved disease-free survival with comprehensive nodal irradiation in patients with T1-T3, node-positive or 'high-risk' node-negative disease. The majority of patients underwent breast conservation, and micrometastases were not analyzed separately; the improvement in locoregional control was attributed, in part, to a decrease in internal mammary recurrences. 10, 11 In our study, we observed only one internal mammary recurrence, suggesting limited benefit to regional nodal irradiation for this purpose in patients with micrometastases. Although the number of events was too small to permit analysis of the impact of the defined 'high-risk' features, we observed a wide distribution of these risk factors among those with LRR, and only a single positive node in most cases.
Our results support the concept that tumor biology is the primary driver of LRR in patients with micrometastases, rather than their minimal nodal burden. Systemic therapies are recognized to improve locoregional control 25 and are a valuable element in contemporary treatment. The receipt of systemic therapy by 95% of patients in this study is likely a significant contributor to the low LRR rate. The majority of LRRs in similar populations occurred within the first 3 years after initial diagnosis, 21, 26, 27 suggesting that our results, with a median 6 years of follow-up, are unlikely to change substantially, even in a largely ER? population where late distant recurrences are common.
Our study is limited by its retrospective nature and the potential for selection bias, as well as relatively small subsets of patients with micrometastases and ITCs treated with SLNB or ALND. However, only 31 (9%) patients treated during the study period underwent PMRT, making it unlikely that the low rates of LRR are due to selection of a particularly favorable cohort. In addition, while there were too few LRR events to analyze for association with high-risk disease features, these results provide insight into a well-defined, unselected, contemporary cohort of patients in a population that is underrepresented in clinical trials.
CONCLUSION
In this modern cohort of patients with T1-T2N0i?/ N1mi breast cancer treated with mastectomy without PMRT, of which 95% received adjuvant systemic therapy, we found a low crude LRR rate of 2.8% at a median 6 years of follow-up. There have been no axillary failures, and no significant association has been seen between LRR and administration of PMRT, type of axillary surgery, or number of positive lymph nodes. Among patients with T1-T2N0i?/N1mi disease having mastectomy and SLNB, LRR risk is low without further axillary treatment, and tumor biology, rather than nodal disease, appears to be the primary driver of LRR. In patients with early-stage disease with micrometastases or ITCs undergoing mastectomy, particularly those with a single involved lymph node, excellent locoregional control may be achieved without PMRT or nodal radiotherapy.
